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NON-ANIMAL ORIGIN STABILIZERS AND
PROCESSES FOR PRODUCING THE SAME

RELATED APPLICATIONS

This application claims priority to U.S. provisional appli-
cation 60/537,455 (filed on Jan. 15, 2004).

FIELD OF THE INVENTION

Various embodiments of the present invention generally
comprise compositions and processes for increasing stability
of biological substances.

BACKGROUND OF THE INVENTION

Vaccines are often referred to as biologicals or biological
products. This 1s because they may be prepared by cultivation
of live micro-organisms using live tissue cells of animal or1-
gin as a substrate. Moreover the culture media are often
supplemented with specific substances of animal origin, nota-
bly serum, to achieve a satisfactory growth of the micro-
organisms. Also in the production process itsell, substances
of animal origin are often used, such as in a stabilizer. Con-
sequently there exists a potential risk that vaccines may
become contaminated with extranecous “ammal origin”
agents.

Often, a vaccine 1s mixed with stabilizers, e.g. to protect
degradation-prone components from being degraded, to
enhance the sheli-life of the vaccine, or to improve freeze-
drying efficiency. Uselul stabilizers are 1.a. SPGA (Bovarmk
et al., 1950, J. Bacteriology, vol. 59, p. 509), skimmed milk,
gelatine, bovine serum albumin, carbohydrates e.g. sorbitol,
mannitol, trehalose, starch, sucrose, dextran or glucose, pro-
teins such as albumin or casein or degradation products
thereot, and buflers, such as alkali metal phosphates. These
stabilizers are a source of “animal origin” agents/compo-
nents.

The prior art has 1dentified the need for the production of
biological materials that are free from contamination, such as
“animal origin” contamination. Biological materials are often
subjected to numerous tests and/or evaluations to 1llustrate
that the materials are free from contamination. Accordingly,
production of a vaccine or immunogenic composition with a
stabilizer containing animal origin components 1s, 1n 1tself, a
source of contamination.

Such animal origin components often require extra precau-
tions such as filter sterilization, and present difficulties, such
as batch to batch variability of a vaccine, and the like. In fact,
vaccines grown 1n a serum iree culture are often mixed with
stabilizers of animal origin, thereby producing a vaccine
which 1s no longer free of animal origin components.

Accordingly, the art field desires stabilizer that 1s free from
amimal origin components. An animal origin free stabilizer
would be sterilizable by autoclaving. An animal origin free
stabilizer (a Non-Animal Origin (NAQO) Stabilizer) would not
sulfer complicating batch to batch variability of animal com-
pounds. However, and most importantly an animal origin free
stabilizer would allow an animal origin free vaccine, as up to
now serum-iree culturing already reduced the risk of extra-
neous agents 1n the ammal compounds, however those prod-
ucts were still freeze dried with compounds of animal origin,
thereby re-introducing a risk of contamination.

Examples of prior art documents that show the state of the
art prior to Applicants’ invention comprise: WO 93/18790,
and U.S. Pat. Nos. 5,948,411; 6,039,958; and, 6,258,362
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2
SUMMARY OF THE INVENTION

Various embodiments of the present invention generally
comprise compositions and processes for increasing the sta-
bility of biological substances. In an embodiment, the bio-
logical substance 1s stabilized during drying and/or freeze-
drying, such as, and not by way of limitation, lvophilization.
The dried compositions derived without using excipents from
so-called “animal origin” components. In an embodiment, the
invention comprises an alcohol, a sugar, and a buffer. In an
alternate embodiment, the sugar 1s a carbohydrate.

Embodiments of these formulations can be used 1n stabili-
zation of cell lines, viruses (live/attenuated/vectored/and/or
recombinant), bacteria (live/attenuated/vectored/viral pro-
teins and/or recombinant), bacterial or viral components (tox-
ins, proteins), fungi, plasmids (all 1so-forms) and viral deliv-
ered vectors generated from cell culture, and/or other
proteins, including, but not limited to, recombinant proteins.

Further, various embodiments of this formulation can
apply to human, feline, amimal component, equine, porcine,
bovine, ovine, aquaculture, and/or any other specie’s vac-
cines and/or the stabilization thereof.

This summary 1s not intended to act as a limitation on the
scope of the appended claims. For a turther understanding of
the invention, attention should be had on the following
detailed description, examples, and appended claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 11s anillustration of a lyophilization study of an NAO
stabilized vaccine compared to an amimal origin component
stabilized vaccine titrated over the course of 18 months.

FIG. 2 1s an 1llustration of an alternate lyophilization study
of an NAO stabilized vaccine compared to an animal origin
component stabilized vaccine titrated over the course of 18
months.

FIG. 3 1s an 1llustration of an alternate lyophilization study
of an NAO stabilized vaccine compared to an animal origin
component stabilized vaccine.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “lyophilize,” and conjugations
thereol, means and refers to, to dry, freeze dry. As used herein,
the term “animal origin™ means and refers to originating from
ammals. Likewise, the term “non-animal origin™ means and
refers to not originating directly or indirectly from animals.

As used herein, the term “stabilize,” and conjugations
thereof, means and refers to make or hold stable, firm, stead-
fast and to maintain at about a given or substantially unfluc-
tuating level, about a given or substantially unfluctuating
quality and about a given or substantially untluctuating quan-
tity. However, 1t 1s understood that some fluctuation 1n the
level, quality, and/or quantity of the stabilized composition
may be encountered. Embodiments of the present invention
are intended to encompass stabilizers that allow such tluctua-
tions. As well, stabilizers are oftern referred to orused as adry
stabilizer, a bulk stabilizer, a cryoprotectant, a thermo-stabi-
lizer, an osmoprotectant, a desiccation protectant, and the
like. Such terms are specifically meant to be included within
the stabilizers of the present invention.

As used herein, the term “protein” means and refers to a
molecular chain of amino acids. A protein 1s not of a specific
length and can, 1f required, be modified 1n vivo or 1n vitro, by,
¢.g. glycosylation, amidation, carboxylation or phosphoryla-
tion. Inter alia, peptides, oligopeptides and polypeptides are
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included within the definition. A protein or peptide can be of
biologic and/or synthetic origin.

As used herein, the term “nucleic acid” means and refers to
a molecular chain of desoxy- or ribonucleic acids. A nucleic
acid 1s not of a specific length, therefore polynucleotides,
genes, open reading frames (ORF’s), probes, primers, linkers,
spacers and adaptors are included within the definition. A
nucleic acid can be of biologic and/or synthetic origin. The
nucleic acid may be 1n single stranded or double stranded
form. The single strand may be 1n sense or anti-sense orien-
tation. Also included within the definition are modified RNAs
or DNAs. Modifications in the bases of the nucleic acid may
be made, and bases such as Inosine may be incorporated.
Other modifications may involve, for example, modifications
ol the backbone.

As used herein, a pharmaceutically acceptable carrier 1s
understood to be a compound that does not adversely affect
the health of the animal or organism to be vaccinated, at least
not to the extent that the adverse effect 1s worse than the
cifects seen when the animal 1s not vaccinated. A pharmaceu-
tically acceptable carrier can be e.g. sterile water or a sterile
physiological salt solution. In a more complex form the car-
rier can €.g. be a butier.

As used herein, the term “carbohydrate” means and refers
to the four major groups of saccharides: mono-, di-, oligo-,
and poly-saccharides.

Various embodiments of the present invention generally
comprise compositions and processes for increasing the sta-
bility of biological substances. In an embodiment, the bio-
logical substance 1s stabilized during drying and/or freeze-
drying, such as, and not by way of limitation, lyophilization
and subsequent storage. The dried compositions dertved
without using excipients from so-called “animal origin” com-
ponents. In an embodiment, the mnvention comprises an alco-
hol, a sugar, and a bufler. In an alternate embodiment, the
sugar 1s a carbohydrate.

Compositions of the invention include examples free from
protein (other than any protein forming part of the biological
substance being stabilized), in particular free from gelatin or
other animal protein or its hydrolysate, such as, but not lim-
ited to, acid hydrolysate or enzyme hydrolysate, or other
material of animal ongin.

Embodiments of these formulations can be used 1n stabili-
zation of cell lines, viruses (live/attenuated/vectored/viral
proteins and/or recombinant), bacteria (live/attenuated/vec-
tored/ and/or recombinant), bacterial components (toxins,
proteins), fungi, plasmids (all 1so-forms) and viral delivered
vectors generated from cell culture and the like. In an embodi-
ment, the present invention generally comprises a polyhy-
droxyl alcohol (polyalditol), soybean peptone and dextran 1n
combination with a poly- and/or mono-saccharide and a
butfer. In various other embodiments, the present invention
consists essentially of a polyhydroxy alcohol, soybean pep-
tone and dextran in combination with a poly- and/or mono-
saccharide and a butfer.

Further, various embodiments of this formulation can
apply to vaccines, such as human, feline, equine, porcine,
bovine, ovine, aquaculture, and/or any other species’ vac-
cines and/or the stabilization thereof.

In an embodiment according to the present invention, there
1s provided a stabilizing composition comprising a non-ani-
mal origin peptone; a buller; and a saccharide and/or a
polyalditol, and/or an other mono- or oligo-saccharide or
derivative thereof. The composition may also comprise dex-
tran or other polysaccharide. Optional further ingredients can
include further amino acid(s), e.g. diacidic amino acid(s) such
as sodium L-glutamate or L-aspartate, or a mixture of amino
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acids. Among further ingredients that can be suitable are
those referred to 1n the prior art documents mentioned above,
very preferably those of vegetable, bacterial and/or mineral
or1gin.

In certain other embodiments, the stabilized compositions
can comprise (1) a polysaccharide with a molecular weight
above about 5000, preferably about 100,000 to about 180,
000. In another embodiment, the polysaccharide has a
molecular weight less than about 800,000 e.g., for example,
dextran, (11) a source of mixed amino acids and peptides of
non-animal origin, such as vegetable or bacterial origin, e.g.
vegetable peptone, e€.g. peptone made by enzymic or acid
hydrolysis of soybean protein and/or the like (111) buitfer, such
as tris-HCI, bicarbonate, phosphate, citrate, and/or the like
and (1v) saccharide or sugar alcohol, such as lactose, sucrose,
sorbitol, and/or the like. Additionally, compositions of the
present invention can further comprise additional ingredients,
such as further amino acids, and/or mixtures of amino acids.

Embodiments of the present invention have demonstrated
good retention of titre after storage. In an embodiment, the
stabilized composition may be stored for a period of time up
to eighteen (18) months. In an alternate embodiment, the
stabilized composition may be stored for a period of time up
to thirty-six (36) months. Further, in yet another alternate
embodiment, the stabilized composition may be stored for a
period of time up to sixty (60) months. Various other embodi-
ments of the present mnvention contemplate formulation of a
stabilized composition for varying storage times/periods, as
required by the application.

A Turther aspect of the invention concerns the use of veg-
ctable peptone or other mixed amino acids of vegetable or
bacterial origin, free of anmimal protein or animal protein
hydrolysate, or other material of animal origin, in composi-
tions for stabilising virus, and 1n the manufacture of dried
stabilised virus compositions for vaccine and other uses as
mentioned herein.

Suitable vegetable peptones comprise, but are not limited
to, a preparation made from clean edible solvent-extracted
soya flour by hydrolytic digestion with protease, to give a
product with an average molecular weight 1n the range about
300-400 and substantially free from higher m.w. constituents
above about m.w. 2000. Soluble carbohydrate of vegetable
origin can also be present in such a peptone preparation.
Alternatively, mixed aminoacids of vegetable or bacterial
origin can be used 1n place of peptone as described above.

Various embodiments generally comprise a vaccine virus.
It has been found that the stabilizing compositions or the
present invention are well suited for stabilizing a vaccine
virus or bacteria during and after lyophilisation and subse-
quent storage. Lyophilization may be performed as 1s com-
mon 1n the art. In a particular example, and not by way of
limitation, a lyophilization run may be from about 1 to about
14 days at a temperature range of from about -50.0° C. to
about 40° C. In an embodiment, the period of lvophilization 1s
about 31 hours. In another embodiment, the period of lyo-
philization 1s from about 24 hours to about 120 hours. In
another embodiment, the period of lyophilization 1s about 20
hours to about 240 hours.

An exemplary lyophilization may comprise the compo-
nents and steps of freezing vials, contaiming product includ-
ing stabilizer, 2-24 hours, at —20° C. to -60° C. (or even lower
temperatures) on shelves of a lyophilizer (ireeze-drier or the
like); at a vacuum of 10 to 300 microns; a minimum tempera-
ture of the lyophilized product i1s commonly about —10° C.
while 1n primary drying, most typically -25° C., but not
greater that —100° C. The time imnvolved in primary drying can
range from minutes to days.
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Typically, but not always, atter primary drying 1s complete,
the product 1s temperature 1s raised through secondary drying,
to a maximum temperature of about 76° C. and the maximum
time of about 96 hours (However, the number of hours and/or
temperature may vary, as would be dependent upon the prod-
uct). In an embodiment, upon completion of secondary dry-
ing, the product 1s held at 4° C. 1n the final containers and the
stoppers are seated under vacuum. However, the final tem-
perature may vary, as 1s common in the art.

Typically, vials are tested for residual moisture. The opti-
mal moisture range 1s between about 1% and about 10%, most
preferably about 3%. The range of total lyophilization time
(including freezing) 1s 1-720 hours for a 3 ml vial filled with
0.5 ml of product containing about 1 to about 80% stabilizer.

As well, embodiments of the present invention further
comprise processes for producing a stabilized composition
with a vaccine virus strain comprising the steps of mixing (1)
a vaccine virus strain, (11) an alcohol, (111) a sugar, and (1v) a
butifer, wherein the vaccine contains no animal origin com-
ponents. In another embodiment, the composition further
comprises a vegetable peptone. The composition can option-
ally further comprise (v) dextran or another polysaccharide.

The lyophilisation of the product can be carried out over
any suitable period according to conventional lyophilisation
practice, such as at a temperature below the glass transition
temperature of the frozen liquid to be lyophilised, and the
product can be 1n the form of a solid dried cake within a glass
vial, perferably under sterile conditions.

The product can be rehydrated at convenience with sterile
aqueous liquid, such as water for 1njection.

Examples of the vaccine virus or bacterial strains suitable
for embodiments of the present invention comprise any virus
or bacterial strain.

It has been found that the compositions have improved or
are at least equivalent 1n stability and are from non-animal
origin/derived sources making the regulatory aspects of pro-
ducing said vaccine(s) more efficient and potentially more
sate with less reactivity. These stabilizers comprise a polyhy-
droxy alcohol, buffer(s), mono- or poly-saccharides and/or a
plant derived peptone, such as soybean peptone and its
equivalents.

In an embodiment, the loss of titer from lyophilization 1s
less than about 0.4 log. In an alternate embodiment, the loss of
titer 1s less than about 0.2 log. In an alternate embodiment, the
loss 1n titer from lyvophilization 1s about 0.0 log. However, the
actual loss 1n titer will vary from antigen to antigen, but the
Non Anmimal Origin Stabilizers of the present invention have
shown general applicability to minimize titer loss with all
vaccine antigens.

EXAMPLES

Example 1

In a test of an embodiment of the present invention, here-
inafter referred to as NAQ, for freeze drying of a recombinant
E. coli strain, the following results were produced:

medium Medium medium
corrected cfu/mL LB LB + Amp BA
before freeze-drying 3.0E+10 3.0E+10 2.7E+11
NAO 3.8E+10 1.8E+10 1.9E+11
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-continued
medium Medium medium
corrected cfu/mL LB LB + Amp BA
freeze-dry medium, vial 1 2.5E+08 2.5E+08 1.3E+09
freeze-dry medium, vial 2 8.5E+08 4.5E+08 2.4E+09

The NAO stabilizer produces high cfu counts.

Example 2

Stabilizer Optimization and Replacement of Animal
Origin Components 1n Protex-Bb (Feline Bordetella
bronchiseptica) Vaccine

Two 18-month and one accelerated stability study were
performed on PROTEX-BB (available from Intervet Inc.,
heremnafter referred to as the vaccine) vaccine formulated
with Animal component stabilizer and NAQO stabilizer. The
data collected indicates that NAO stabilizer performed at least
as well (even better on some occasions) as animal component
stabilizer 1n these studies. An expiration date projection
showed that both NAO and animal component stabilized vac-
cines could be reasonably expected to pass the minimum titer
test at least 36 months post-production.

Introduction
This report focuses on the long-term and accelerated sta-
bility testing of the vaccine formulated with NAQ, stabilizer.

Materials and Methods

Labconco freeze-dryer

3 ml Vials

13 mm lyo stoppers

Bulk components for candidate stabilizers

1 N NaOH

1 N HCI

pH meter

Autoclave

Stir/Hot plate

PPLO solvens

Centrifuge

Blood agar plates

Microtiter pipette

Disposable plate spreaders
Snap Cap Tubes

Incubator (37° C. w/humidity)

0.85% NaC(l solution

Sterile WFEI

Lyo trays

Matrix automatic pipette

Plate turntable

X+2 Bb 042501 seed

TSB

1. 250 ml TSB was 1noculated at 0.1% with study seed and
grown overnight at 37° C. with agitation.

2. Bb culture was centrifuged at 3500 rpm for 35 minutes
and suspended 1n a volume of PPLO to facilitate a 6-10x
concentrate.

3. Stabilizers were prepared and heated to no more than 80°
C. to aid dissolution

4. pH was adjusted to 7.4 with 1 N NaOH and/or 1N HCI.

5. Stabilizer candidates were autoclaved for 30 minutes

and filled with Bb bulk antigen at 25% of 0.6 ml fill.
Formulations were freeze-dried in the L.abconco treeze-

dryer. See Table below for cycle.
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6. Freeze-dried cakes were observed for cosmetic appear-
dI1CC.
[.abconco Freeze-Drver Cycle
Segment Ramp Temp Hold
1 5° C./min -34° C. 3 hours
2 5° C./min -34° C. 9 hours
3 0.05° C./min 20° C. 10 min
4 5° C./min 20° C. 6 hours
5 5° C./min 4° C. Indefinite
Discussion

FIGS. 1 and 2 display the results from two lyophilization
studies of the vaccine titrated over the course of 18 months.
Vaccine containing NAO and amimal component stabilizers
were Ifreeze-dried and held at 4° C. with titrations performed
at 3 month intervals. In both graphs NAO stabilizer shows
titer drops comparable to that of amimal component stabilizer.
Note the narrowness of the scale on the Y-axis 1n the graph.

Further evidence of the value of NAO as a stabilizer for the
vaccine can be seen 1 FIG. 3. An accelerated stability was
performed on the material generated 1n experiment 3. Freeze-
dried vials of vaccine were stored at 37° C. for 14 days with
titrations performed every 2 to 3 days. The NAO stabilized
vaccines are predicted to pass the minimum titer at 3 years on

the shelf.

The data presented in this specification supports the idea
that ammmal component stabilizer could be replaced with NAO
stabilizer and that this change would not negatively impact
freeze-drying loss, stability, cost of goods or shelf life.

Example 3

Stabilizer Formulation and Replacement of Animal
Origin Components in PROTEX BB (Feline
Bordetella bronchiseptica) Vaccine

An objective of this example was to design stabilizer for-
mulations free of ammal origin components for use in a
vaccine composition that show titers upon lyophilization that
are equal to or greater than product formulated with the ani-
mal component prior art stabilizer. Another objective was to
obtain a stabilizer formulation that 1s protein-iree to help
reduce site reactions in parenteral use vaccines.

Experimental Design

Each of the candidate stabilizers studied were formulated
with the use of bulking agents, lyoprotectants (proteins and
sugars ) and a buller in mind. Wherever possible, replacement
of animal origin components was mvestigated.

Eight studies were performed comparing experimental
PROTEX-BB (Feline Bordetella bronchiseptica Vaccine)
vaccine formulations to an actual PROTEX-BB (Feline Bor-
detella bronchiseptica Vaccine) formulation containing ani-
mal component stabilizer. (The vaccine 1s available from
Intervet Inc.). A sample with no stabilizer was also included.
Candidate and control groups were formulated and freeze-
dried. Titrations before and after lyophilization were per-
formed to determine the lyoprotectant activity of the candi-
date stabilizers when compared to animal component
stabilizer and the negative control.
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Materials and Methods
Freeze dryer
3 ml Vials

13 mm lyo stoppers
Bulk components of candidate stabilizers

1 N NaOH
1 N HCI

pH meter
Autoclave

Stir/Hot plate

filler

Centrifuge

Blood agar plates

Microtiter pipette

Disposable plate spreaders

Snap cap tubes

Incubator (37° C. w/humidity)

0.85% NaC(l solution

Sterile WFEI

Lyo trays

Matrix multi-channel pipette

TSB

PROTEX-BB (Feline Bordetella bronchiseptica Vaccine)
study seed
500 ml of TSB was inoculated at 0.1% with production

seed and grown overnight at 37° C. with agitation. The study

seed was then formulated with 30% glycerol and frozen at
—'70° C. for storage.

1. 500 ml TSB was inoculated at 0.1% with the Bb study
seed and grown overnight at 37° C. with agitation.

2. PROTEX-BB (Feline Bordetella bronchiseptica Vac-
cine) culture was centrifuged at 3000 rpm for 20 minutes

and re-suspended 1n an equivalent volume of saline solu-
tion. This suspension was used 1n the final formulations
of candidate stabilizers.

3. Candidate stabilizers were prepared in R&D and heated
to no more than 80° C. to aid dissolution.

4. pH was adjusted to 7.4 with 1 N NaOH and/or 1N HCI.

5. Stabilizer candidates were autoclaved for 30 minutes
and formulated with Bb antigen. Stabilized antigens
were freeze-dried 1n erther the Usifroid freeze-dryer or
the Labconco freeze-dryer.

6. Freeze-dried cakes were observed for cosmetic appear-
ance. Belore and after lyophilization, titrations were
performed:

A pilot titration was run on each group of samples to

determine the dilution at which plates could be read.

Results and Discussion

TABLE 1
Stabilizer Avg % loss

Experiment 8 22.65%
Group A

WFI QstolL

Sucrose 83.7 g/L.

Lactose 83.7 g/L

Sorbitol 83.7 g/L.

Na2HPO4 0.3 g/

Dextran 167 57.17 g/L
Experiment 8 35.57%
Group B

WFI QstolL

Na2HPO4 0.5 g/

Trehalose 100 g/L

Peptone 100 g/L

Dextran 167 100 g/L
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TABLE 1-continued

10

ChimericWN bulk antigen
1. Prepare stabilizers according to formulation sheet. See
Formulations Section. Heat (to no more than 80° C.) as

Stabilizer Avg o loss necessary to aid dissolution.

Experiment 8 43 449, 5 2. Adjust pH to 7.0 with 1 N NaOH and/or 1N HCI.
Group C 3. Autoclave stabilizers for 20 minutes at 121° C.

WEI QstolL 4. Formulate each experimental group with stabilizer, WN

?;ﬁli S: 1%3 i//i Chimera bulk antigen and filler as 1s common 1n the art.

Dextran 167 150 oL 5. Fill vials with 0.5 ml of formulation.

Negative Control 79.97% 10 6. Insert stoppers into vials to allow for water vapor to

escape during freeze-drying. Load into freeze dryer and
All three of these groups contain no animal origin compo- start cycle, as 15 common in the art.
nents and Groups A id (I; contain no protein at algl. Groug R 7. AF the end of the cygle, stopper the vials and unload. Cap
does contain protein but it 1s soy 1n origin. This study has vials and store at 4_ C. ,
demonstrated that NAO stabilizers can produce lyophilized 15 8. Observe freeze-dried cakes fqr cosmelic appearance.
product cakes that are both acceptable 1n percentage loss of (;ake's should be rehydrated with 1 ml ot WFI prior to
titer and cake appeal. titration.
Formulations Section:
Example 4 y

Three experiments were conducted 1n order to optimize the

Iyophilization of a West Nile Chimera virus. The experiments WElor Equivalent Qstol L -
. . : : e Innovatol PD30 100.00 grams/Liter
included the 1(Elent1ﬁcat1011 of a stabilizer and the development Sorhitol 100.00 grams/Liter
ol an appropriate freeze-drying cycle. Hy-Soy peptone 75.00 grams/Liter
It was found that the NAO stabilizers performed better, or, < gltm Acid Sg-gg ar ﬂmsi ]]:{ltﬂl’
as well as the other stabilizers, showing virtually no loss of extran HU grams/Liter
titer upon Ireeze-drying. Various embodiments of the NAO
stabilizer were used at 25% of the final formulation volume
and together with a 27-hour freeze-drying cycle produced a
light pink colored cake with excellent eye appeal. 30
Further, another embodiment comprised a protein free vac- Sample one
cine candidate. WFI or Equivalent QstolL
, Sucrose 85.70 grams/Liter
Materials and Methods Lactose 85.70 grams/Liter
Freeze-dryer 35 Sorbitol 85.70 grams/Liter
3 ml Vials Citric Acid 0.44 grams/Liter
Dextran 57.17 grams/Liter
13 mm fluted lyo stoppers
Bulk components for candidate stabilizers (Formulations
Section )
1 N NaOH or 1 N HCI 40
pH meter Sample two
Autoclave
RBalance WFI or Equivalent Qstol L |
P lat; 1 Sucrose 85.70 grams/Liter
OHIu a 1011_ VESSELS 45 Lactose 85.70 grams/Liter
Magnetic stir bars Sorbitol 85.70 grams/Liter
Stir/Hot plate Peptone (soybean) 100.00 grams/Liter
[ vonhilization travs Citric Acid 0.44 grams/Liter
y_ P Y Dextran 57.17 grams/Liter
Crimper
13 mm caps
filler Results
TABLE 1
WN Chimera Lyophilization Experiment 1 Results
Fill  Pre-lyo *Post-lyo %
Group Stabilizer Titer  Titer Titer Loss Moisture Cake
A 25% NAO 6.5 7.2 7.2 0.0 1.8 Excellent
B Sample one 6.5 7.0 6.5 0.5 2.0 Excellent
C Sample two 0.5 7.2 6.7 0.5 2.0 (Good, some
collapse
on bottom
D None 6.5 7.1 0.2 0.9 - Poor
E 12.5% NAO 6.5 7.2 7.0 0.3 2.5 Excellent
F 25% NAO 4.5 5.3 4.0 1.3 — Excellent
G Sample one 4.5 4.9 3.5 1.4 — Excellent
H Sample two 4.5 4.6 3.1 1.5 — Excellent
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TABLE 1-continued

WN Chimera Lyophilization Experiment 1 Results

Fill  Pre-lyo *Post-lyo %
Group Stabilizer Titer  Titer Titer Loss Moisture Cake
I None 4.5 5.2 2.7 2.5 — Poor
J 12.5% NAO 4.5 5.1 3.8 1.4 — Good, cake
shrunken
slightly

*Post-lyo titers were adjusted by adding 0.3 log to compensate for dilution upon reconstitu-

tion.
Average Loss at 6.5 fill titer 0.6

Average Loss at 4.5 fill titer 1.5

TABLE 2

WN Chimera Lyophilization Experiment 2 Results

Fill Pre-lyo *Post-lyo %
Group Stabilizer Titer Titer Titer Loss Moisture Cake
A 25% NAO 6.5 7.0 7.2 -0.2 1.2 Excellent
B Sample one 6.5 7.0 6.6 0.4 1.3 Excellent
C Sample two 6.5 6.9 6.8 0.1 1.7 Excellent
D None 0.5 7.5 6.9 0.6 - Poor

*Post-lyo titers were adjusted by adding 0.3 log to compensate for dilution upon reconstitu-

tion.
TABLE 3
YE-WN Chimera Lyophilization Experiment 3 Results

Fill Pre-lyo *Post-lyo %
Group Stabilizer Titer Titer Titer Loss
A 25% NAO 6.5 7.1 7.1 0.0 —
B Sample one 6.5 7.1 6.0 1.1 —
C Sample two 6.5 7.0 6.4 0.6 —
D None 6.5 6.8 6.5 0.3 —

Moisture Cake

Excell
Excell
Excell

Poor

ent
ent
ent

*Post-lyo titers were adjusted by adding 0.3 log to compensate for dilution upon reconstitu-

tiomn.
TABLE 4
WN Chimera [Lvophilization Experiment Averace Results

Fill Pre-lyo  Post-lyo %
Group Stabilizer Titer Titer Titer Loss Moisture
A 25% NAO 6.5 7.1 7.2 -0.1 1.5
B Sample 1 6.5 7.0 6.5 0.6 1.7
C Sample 2 6.5 7.1 6.7 0.4 1.9
D None 6.5 7.2 6.6 0.6 —
Discussion

filled at 6.5 log, ,/dose (A-.

H), and the other half filled at 4.5

log,,/dose (F-J). Each half was 1dentical to the other 1n their
stabilizers. Groups A and F with 25% NAO stabilizer and so

on. The stabilizer used 1n group B was non-protein NAO and

group C contained another form of NAO using three carbo-
hydrates 1nstead of two. Group D contained no stabilizer and

was useful 1n detection of virucidal activity.

The experiment was freeze-dried using a 31-hour cycle

which produced acceptable cakes inmost all t

e groups con-

taining 25% stabilizer. Cakes from groups w.

hich contained

12.5% stabilizer were less attractive and overall showed

Cake

Excell
Excell
Excell

Poor

ent
ent
ent

12

higher titer losses. Based on this information, 1t was decided

Table 1 displays the data recorded from experiment 1. .. to pursue a formulation using the higher stabilizer levels.
Fourteen groups were mcluded for study with half of them

Regarding titer losses, NAO stabilizer performed better
than all other stabilizers at a {ill titer of 6.5 log, ,/ds. Animal
component stabilizer performed the best at 4.5 log,,/ds

although obvious virucidal activity can be seen when the
pre-lyophilization results from the animal component stabi-

lizer containing groups are compared with groups containing
no stabilizer. Other NAO stabilizers performed fairly well at
6.5 as well. Average losses at the fill titer of 6.5 (average loss

s 0.6) were muc

Tables 2 and

1 better than those at 4.5 (average loss 1

5).

|3 display the data generated from lyop.

hliza-

tion experiments 2 and 3. There were fewer groups tested 1n
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cach study since the groups formulated with fill titers of 4.5
log,,/ds and 12.5% stabilizer had been removed.

Titer results from experiments 2 and 3 were 1n-line with the
conclusion that NAO stabilizer out-performed all other
groups losing virtually no ftiter.

Table 4 displays the average results from the groups com-
mon to all three lyophilization experiments and the blank
(groups A-D). The results indicate that the NAO stabilizers
are an adequate choice for a WN chimera vaccine and are
superior from a titer loss viewpoint to the prior art animal
origin stabilizer.

Further studies (results not shown) have illustrated that the
NAO stabilizers have produced no site or systemic reactions
when tested with other stabilizers in an equine study, feline
and canine animal model.

While the invention has been described 1n connection with
specific embodiments thereot, it will be understood that 1t 1s
capable of further modifications and this application 1is
intended to cover any variations, uses, or adaptations of the
invention following, 1n general, the principles of the invention
and including such departures from the present disclosure as
come within known or customary practice within the art to
which the mvention pertains and as may be applied to the
essential features hereinbetore set forth, and as follows 1n the
scope of the appended claims. Such further and other embodi-
ments are contemplated whereby additions of an acid and/or

10

15

20

25

14

a base may be made to the fermentation. Further, all patents
mentioned herein are hereby incorporated by reference.

What 1s claimed 1s:

1. A process for producing a stabilized feline Bordetella
bronchiseptica vaccine composition, wherein the process
COmprises:

forming the vaccine composition comprising live, attenu-

ated Bordetella bronchiseptica bacteria, a vegetable
peptone, a saccharide, a polyhydroxyl alcohol and a
buffer, wherein the vaccine composition comprises no
animal origin components; and

lyophilizing said vaccine composition for a period of time,

wherein said lyophilization causes a loss of titer that 1s
less than 0.4 log.

2. The process of claim 1, wherein the process further
comprises lyophilizing dextran or another polysaccharide
with the bactena.

3. The process of claim 1, wherein the loss of titer from said
lyophilization 1s less than 0.2 log.

4. The process of claim 1, wherein the period of lyophiliza-
tion 1s about 31 hours.

5. The process of claim 1, wherein the period of lyophiliza-
tion 1s from about 20 to about 140 hours.

6. The process of claim 1, wherein the period of lyophiliza-
tion 1s from about 24 to about 120 hours.

¥ ¥ # ¥ ¥
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